IMAGE READING DEVICE FOR AN OPTICAL DEVICE 



BACKGROUND QF THE INVENTION 
The present invention relates to an image reading device 
5 for an optical disc in which the setting of an optical disc 
to a related location is detected by a detecting section, 
information is read out of the optical disc of which the setting 
is detected, by means of a reading section, and an RF signal 
output from the reading section is binarized at a predetermined 
10 slice level, which is set by slice level setting means. 

To read information that is stored in an optical disc, 
such as CD or DVD, from the disc, an optical disc 1 is set to 
a spindle motor 2 which is driven and rotating, as shown in 
Fig. 4. A light beam emitted from an optical pick-up 3 is 
15 irradiated onto the optical disc 1 . Whether or not the optical 
disc 1 is set to the motor is detected depending on the presence 
or absence of light reflected from the optical disc. Upon 
detection of the setting of the optical disc 1, the pick-up 

3 reads out information from the optical disc 1 and then 
20 produces an RF signal. The RF signal is amplified by an RF 

amplifier 4, and binarized at a predetermined slice level for 
binarizing. The binarized signal output from the RF amplifier 

4 is decoded by a decoder 5, and error and jitter contained 
therein are detected and processed for error correction and 

25 the like. 
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In this case, the slice level in the RF amplifier 4 is 
set by means of a slice level setting means, which is attached 
to or contained in a microcomputer (referred frequently to as 
MICON) 6 for the servo control. 
5 An example of a binarizing circuit in the RF amplifier 

4 is constructed as shown in Fig. 5. An RF signal output from 
the pick-up 3 is input to a non-inverting input terminal of 
a comparator 8. An output voltage signal of a slice level 
setting means 9 is input an inverting input terminal of the 

10 comparator 8. The voltage signal output from the slice level 
setting means 9 is basically a voltage signal appearing at a 
variable terminal of a variable resistor. A voltage level at 
the variable terminal corresponds to a slice level at the time 
of the binarizing. 

15 Due to various factors, e.g., error and deformation, 

caused in forming disc maters and stampers for the optical discs 
1 or molding the discs, an optimum slice level for the 
binarizing frequently offsets from a mid point of the RF signal, 
viz., a center of a maximum amplitude of the RF signal, and 

20 is different for each disc. 

Although the optimum slice level is thus different for 
each optical disc 1, the slice level set by the slice level 
setting means 9 is set at a fixed value. As a result, the slice 
level by the slice level setting means 9 shifts from the mid 

25 point of the RF signal for the optical disc 1, and the error 
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and jitter are increased in the signal produced by decoding 
the binarized signal of the RF signal by the decoder 5. 
Consequently, information is not read out of the optical disc 
1 precisely. 

5 Techniques to change the slice level when the binarizing 

is carried out are described in the Unexamined Japanese Patent 
Application Publication Nos . Sho 58-203635 and Hei 10-188291. 
In the former publication, the slice level is followed up so 
as to minimize an error rate by the utilization of the feedback 

10 control. In the latter publication, a slice level signal is 
generated following up a readout signal, by using the peak and 
bottom values of the readout signal. In both the techniques, 
the follow-up control is constantly performed . Therefore, the 
control procedure is extremely complicated. 

15 In the Examined Japanese Patent Application Publication 

No. Hei 2-58708, there is a description that an optimum slice 
level is set corresponding to a PCM (pulse code modulation) 
signal. Also in this technique, the follow-up control 
procedure is very complicated. Accordingly, the technique is 

20 different from the present invention which sets the slice level 
so as to minimize the jitter of the RF signal read out of the 
optical disc. 

SUMMARY QF THE INVENTION 
25 Accordingly, an object of the present invention is to 
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provide an image reading device which can obtain, every optical 
disc, an optimum slice level in binarizing the RF signal by 
a simple adjustment. 

According to the present invention, there is provided 
5 an image reading device for an optical disc in which the setting 
of an optical disc to a related location is detected by a 
detecting section, information is read out of the optical disc 
of which the setting is detected, by means of a reading section, 
and an RF signal output from the reading section is binarized 
10 at a predetermined slice level, which is set by slice level 
setting means, the improvement being characterized by an 
adjusting section for adjusting a slice level set by the slice 
level setting means to an optimum slice level which is best 
fit for the optical disc when the setting of the optical disc 
15 is detected by the detecting section ( aspect 1) . 

With such an arrangement, when an optical disc is set 
to the spindle motor, the adjusting section adjusts the slice 
level to an optimum slice level which is best fit for the optical 
disc- Accordingly, the slice level used when the RF signal 
20 is binarized is adjusted to an optimum slice level for each 
optical disc, while dealing with error and deformation in 
forming the disc masters and stamper or molding the discs. 
Further, the slice level optimizing adjustment is performed 
for once, without constantly following up the RF signal, when 
25 the optical disc 1 is set to the motor. Accordingly, the slice 
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level optimizing adjustment can simply be performed which is 
best fit for the optical disc. 

In the image reading device, in a case where the optical 
disc is a multi-layer optical disc, the adjusting section 
adjusts, for each layer, the slice level set by the slice level 
setting means to the optimum slice level when the optical disc 
is set to a related location (aspect 2) . 

With such an arrangement, in a case that the optical disc 
is a multi-layer optical disc of which one surface consists 
of two layers, the slice level optimizing adjustment is 
performed for each layer when the optical disc is set. 
Therefore, the RF signal is binarized at an optimum slice level 
for each layer. 

The image reading device further comprises a jitter 
detecting section for detecting a jitter of the RF signal, and 
when the adjusting section changes a slice level set by the 
slice level setting means, a slice level detected when the 
j itter detected by the j itter detecting section is at a minimum 
level is judged to be an optimum slice level (aspect 3) . 

With provision of the jitter detecting section, when the 
optical disc is set to the motor, the slice level optimizing 
adjustment is performed which is best fit for the optical disc. 

Further, the image reading device further comprises a 
jitter detecting section for detecting a jitter of the RF signal, 
wherein an equalizer characteristics thereof is fixed, and 



when the adjusting section changes a slice level set by the 
slice level setting means and the jitter detecting section 
detects at least two slice levels, a slice level detected when 
the jitter detected by the jitter detecting section is at a 
minimum level is judged to be an optimum slice level, (aspect 
4) 

In the image reading device, the adjusting section 
increments a slice level set by the slice level setting means 
from a reference slice level in steps of a fixed quantity. When 
the jitter detected at the incremented slice level has a 
decreasing direction in quantity, the adjusting section 
repeatedly continues the incrementing of the slice level till 
the jitter changes its quantity varying direction to an 
increasing direction. When the jitter detected at the 
incremented slice level has an increasing direction, the 
adjusting section decrements the slice level from the 
reference slice level in steps of a predetermined fixed 
quantity. When the jitter detected at the decremented slice 
level has a decreasing direction, the decrementing of the slice 
level is repeatedly continued till a quantity varying 
direction of the jitter is changed to an increasing direction. 
In this way, the adjusting section judges that the slice level 
detected when the jitter changes its varying direction from 
the decreasing direction to the increasing direction or the 
increasing direction to the decreasing direction, takes a 



minimum value, and judges the slice level detected at that time 
to be an optimum slice level (aspect 5) . 

With this arrangement, a minimum value of the jitter 
detected by the jitter detecting section is detected, so that 
5 the slice level is easily adjusted to the optimum slice level. 

The image reading method in the image reading device 
according to aspect 3, comprising the steps of: 
(a) incrementing a slice level set from a reference slice 
level in steps of a fixed quantity, 
10 (b) when the jitter detected at the incremented slice level 
has a decreasing direction in quantity, repeatedly continuing 
the incrementing of the slice level till the jitter changes 
quantity varying direction to an increasing direction, 

(c) when the jitter detected at the incremented slice level 
15 has an increasing direction in quantity, decrementing the 

slice level from the reference slice level in steps of a 
predetermined fixed quantity, 

(d) when the jitter detected at the decremented slice level 
has a decreasing direction in quantity, repeatedly continuing 

20 the decrementing of the slice level till a quantity varying 
direction of the jitter is changed to an increasing direction, 

(e) judging that the slice level detected when the jitter 
changes varying direction from the decreasing direction to the 
increasing direction or the increasing direction to the 

25 decreasing direction, takes a minimum value, and 
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(f) judging the slice level detected at that time to be an 
optimum slice level, (aspect 6) 



PRTF.F DESCRIPTION OF T HE DRAWINGS 
Fig. 1 is a flow chart showing an operation of an image 
reading device for an optical disc, which is an embodiment of 
the present invention. 

Fig. 2 is a graph useful in explaining the operation of 
the image reading device. 

Fig. 3 is a sectional view showing another image reading 
device, which is a second embodiment of the present invention. 

Fig. 4 is a diagram showing in block and schematic form 
an arrangement of an image reading device into which the present 
invention is incorporated. 

Fig. 5 is a block diagram showing a part of the Fig. 4 
image reading device. 

Fig. 6 is a flow chart showing an operation of an image 
reading device for an optical disc, which is another embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODI MENTS 

An embodiment of an image reading device for an optical 
disc according to the present invention will be described with 
reference to Figs. 1 and 2. Fig. 1 is a flow chart for 
explaining the operation of the image reading device. Fig. 



2 is a graph for explaining the operation of the image reading 
device. A basic construction of the image reading device of 
this embodiment is substantially the same as of the Figs. 4 
and 5 image reading device. Accordingly, Figs. 4 and 5 will 

5 also be referred to in the description to follow. 

In the embodiment, a light beam is irradiated on an 
optical disc 1, from an optical pick-up 3 functioning as a 
detecting section. When the setting of the optical disc 1 to 
the spindle motor is detected depending on the presence or 
10 absence of light reflected by the optical disc, the pick-up 

3 functioning as a detecting section reads information from 
the optical disc 1. An RF signal output from the pick-up 3 
is amplified by an RF amplifier 4, while the RF signal is 
binarized at a preset reference slice level. A binarized 

15 signal output from the RF amplifier 4 is decoded by a decoder 
5 as a jitter detecting section, and error and jitter are 
detected. 

A microcomputer 6 repeatedly detects jitter while 
incrementing the slice level output from a slice level setting 

20 means 9 in steps of a fixed quantity. The microcomputer judges 
a slice level detected when the detected jitter is at a minimum 
level to be an optimum slice level. The process of adjusting 
the slice level by the microcomputer 6 corresponds to an 
adjusting section. 

25 Judgement as to whether or not jitter detected by the 
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decoder 5 is at a minimum level will be made in the following 
way . 

A slice level set by the slice level setting means is 
incremented from a predetermined reference slice level in 
steps of a fixed quantity. When the jitter detected at the 
incremented slice level has a decreasing direction in quantity, 
the incrementing of the slice level is repeatedly continued 
till the jitter changes its quantity varying direction to an 
increasing direction. When the slice level is incremented 
from the reference slice level in steps of a fixed quantity, 
if the jitter detected at the incremented slice level has an 
increasing direction in quantity, the slice level is 
decremented from the reference slice level in steps of a fixed 
quantity. If the jitter detected at the incremented slice 
level has a decreasing direction, the slice level is 
decremented till the jitter changes its quantity varying 
direction to the increasing direction. The microcomputer 
judges that the jitter is at a minimum level when the jitter 
changes its quantity varying direction from the decreasing 
direction to the increasing direction. 

A specific process of making the judgement as to whether 
or not the jitter is at a minimum level will be described with 
reference to a flow chart show in Fig. 1. As shown, when the 
setting of the optical disc 1 to the spindle motor is detected, 
the microcomputer 6 first sets a slice level, which is set by 



the slice level setting means 9, to a predetermined reference 
slice level Sk (SO) . Jitter detected when the slice level is 
at the reference slice level Sk is measured and a measured 
jitter value A is produced (SI) . The measured jitter value 
A is stored in a RAM or the like contained in the microcomputer 
6. The slice level is incremented in steps of a fixed quantity 
Si, from the reference slice level Sk (S2) . 

At the incremented slice level, the jitter is measured 
again and a measured jitter value B is produced (S3) . The 
microcomputer compares the measured jitter value A, which was 
stored in the RAM or such in the step Si, with the present 
measured jitter value B (S4) , and judges whether or not the 
former is smaller than the latter (S4) . If the judging result 
is NO, viz., the pervious measured jitter value A is larger 
than the present one, the microcomputer judges that the jitter 
is decreasing in quantity, and returns to the step SI and 
repeats the sequence of the steps SI to S4 . The process of 
the steps SI to S4 may be depicted as indicated by (1) to (3) 
in a graph of Fig. 2. 

If the answer to the step S4 is YES, the microcomputer 
6 judges that the jitter, which has decreased in level, passes 
a minimum level in its quantity variation and increases in 
quantity level. Accordingly, the incrementing of the slice 
level is immediately stopped, and jitter quantity at that time 
is measured and a measured jitter value C is produced (S5) . 
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The measured jitter value C is stored in the RAM or such in 
the microcomputer 6, and the slice level whose incrementing 
has been stopped is decremented in steps of another fixed 
quantity Sd (< Si) (S6) . While the slice level is thus 
5 decremented, the jitter is measured again. 

As the result of the j itter measurement , a measured j itter 
value D is obtained (S7) . Then, the microcomputer compares 
the measured jitter value C, which was stored in the RAM or 
the like in the step S5, with the present measured jitter value 
10 D, and judges if the former is smaller than the latter (S8) . 
If the judging result is NO, viz. , the previous measured jitter 
value C is larger than the present one, the microcomputer judges 
that the jitter is decreasing in quantity, and returns to the 
step S5 and repeats the sequence of the steps S5 to S8. The 
15 process of the steps S5 to S8 may be depicted as indicated by 
(5) to (7) in the graph of Fig. 2. 

If the judging result in the step S8 is YES, the 
microcomputer 6 judges that the variation of the jitter passes 
its minimum level and the j itter changes its quantity variation 
20 direction to the increasing direction. Accordingly, the 
incrementing of the slice level is immediately stopped. The 
microcomputer judges that the slice level detected at that time 
is an optimum slice level, and stops its subsequent operation. 
When the optical disc 1 is set to the motor, the adjustment 
25 of optimizing the slice level is performed for once. 
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Accordingly, it is not required to constantly follow up the 
RF signal. The slice level optimizing adjustment can simply 
be performed which is bet fit for the optical disc, while 
dealing with error and deformation in forming the disc masters 
5 and stamper or molding the discs. 

Thus, in the embodiment, the slice level can be adjusted, 
every optical disc 1, to an optimum slice level when the RF 
signal is binarized, and there is no need of constantly 
following up the RF signal. Further, this adjustment is 
10 carried out for once when the optical disc 1 is set to the 
spindle motor. Accordingly, the slice level optimizing 
adjustment, which is best fit for the optical disc 1, can be 
carried out in a simple manner. As a consequence, the data 
reading performance can be brought out to the full while 
15 repressing the occurrence of information reading error. 

When the jitter is at a minimum level, an error rate of 
the RF signal is also minimized. This teaches that a minimum 
error rate can be obtained by optimizing the slice level when 
the jitter is minimized. As a result, the information reading 
20 error can be repressed to a minimum. 

Another embodiment of the present invention will be 
described. In a case where the optical disc 1 consists of a 
multi-layer disc in which one surface consists of two layers 
as shown in Fig . 3 . When the optical disc lis set to the motor, 
25 it is preferable that a slice level set by the slice level 
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setting means 9 is adjusted to an optimum slice level in a 
procedure similar to the above-mentioned one by use of the 
microcomputer 6. In Fig. 3, reference numerals 11a and lib 
designate polycabonate substrates as first and second layers; 
12 is a reflecting film of the first layer; 13 is a transparent 
protecting film; 14 is a transparent adhesive layer; 15 is a 
transparent protecting film; and 16 is a transparent 
reflecting film of the second layer. 

If so done and constructed, where the multi-layer disc 
is used, the RF signal can be binarized at an optimum level 
for each layer in a manner that the slice level optimizing 
adjustment is performed for each layer when the optical disc 
1 is set to the motor. Accordingly, the data reading 
performance can be brought out to the full for each layer. 

While the invention is applied to the optical disc 1 whose 
one surface consists of two layers, it is readily understood 
that the invention may be applied to the optical disc whose 
both surfaces consist each of one layer or a multiple of layers . 
The effects produced in this case are comparable with those 
of the second embodiment, as a matter of course. 

It is readily understood that the present invention is 
not limited to the above-mentioned embodiments, but may 
variously be modified, altered and changed within the true 
spirits of the invention. 

As seen from the foregoing description, when an optical 



disc is set to the spindle motor, the adjusting section adjusts 
the slice level to an optimum slice level which is best fit 
for the optical disc (aspect 1) . Accordingly, the slice level 
is optimized when the RF signal is binarized, for each disc. 
Further, the slice level optimizing adjustment is performed 
for once, without constantly following up the RF signal, when 
the optical disc 1 is set to the motor. Accordingly, the slice 
level optimizing adjustment can simply be performed which is 
best fit for the optical disc. Further, the data reading 
performance can be brought out to the full while repressing 
the occurrence of information reading error. Thus, the 
present invention succeeds in providing an image reading 
device for optical discs, which has excellent performances. 

In a case that the optical disc is a multi-layer optical 
disc of which one surface consists of two layers, the slice 
level optimizing adjustment is performed for each layer when 
the optical disc is set (aspect 2) . Therefore, the RF signal 

is binarized at the optimum slice level, and the data reading 
performance can be brought out to the full for each layer. 

With a further inventive and unique feature of the 

invention (aspect 3), the slice level optimizing adjustment 

is performed which is best fit for the optical disc when the 

optical disc is set to the motor. 

Further, a minimum value of the jitter is detected by 

the jitter detecting section, and a slice level detected when 



the jitter takes the minimum value is used as an optimum slice 
level (aspect 4) . Accordingly, the slice level used when the 
RF signal is binarized is easily be adjusted. 
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